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Abstract 
Calculating thermal load of building is important to find exact A/C equipment and air handling unit, to achieve 
comfort operation and good air distribution in the air-conditioned zone. It should be taking into account the highest 
 
through the building and for the  load are used to get the thermal load. Then, all equations can be inserted in 
a personal program like M.S. Excel, to get the results. An alternative way is to use available software, like HAP 4.2 
and Elit 
results were compared by the outcomes from HAP 4.2 program. It is shown that there is little difference between the 
two results due to defining the thermal resistance for the used materials of the wall, roof, and windows. Also the 
sources of constants used for the equations are not the same. 
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1. Introduction 
Al-Rabghi, O. and K. Al-Johani [1] predicted the hourly cooling load due to different types of wall, 
roof and fenestration using transfer function method (TFM), which was programmed. The outputs of the 
program were also compared with the well-known Carrier program, and the agreement was satisfactory. 
They also studied effect of changing the wall color on cooling load and on sol-air temperature.  
Westphal,F. and Roberto L. [2] analyzed the thermal loads of non-residential buildings based on 
simplified weather data, using the Transfer Function Method to run load calculations and the validation 
was evaluated according to ASHRAE Standard 140.  They found that the methodology showed good 
results for cases with low mass envelope but revealed limitation to represent thermal inertia influence on 
the annual cooling and heating loads. 
On the other hand, Andersson, B et al. [3] calculated Heating and cooling loads for a prototype 
residential building at different orientations, using a development version of the building energy analysis 
computer program BLAST. They found that the total loads are higher for north than south orientation 
except in extreme southern latitudes of the U.S. (those areas with dominant cooling loads). Shariah, A. et 
al. [4], studied the effect of the absorptance of external surfaces of buildings on heating, cooling and total 
loads using the TRNSYS simulation program, for Amman and Aqaba in Jordon. They also calculated the 
effects of the absorptance on energy loads for insulated buildings. They found that, for not insulated 
buildings, as the absorptance was changed from one to zero, the total energy load decreased by 32%, 
while for insulated buildings, it decreased by 26% in Amman, whereas this decrease was about 47% for 
not insulated and 32% for insulated buildings in Aqaba. Sait, H. [5] analyzed an educational building for 
power consumption and found that power consumption can be reduced by 30% if steps of energy auditing 
are followed.   
 
2. Basic Information 
2.1 Building Location: 
Rabigh is located on the west coast of the red sea of Saudi Arabia at the Longitude  of 39 E and 
Latitude  of 22.48 N. Rabigh is a city that belongs to Makka Al Mukarrama zone, it is located about 150 
km North of Jeddah, figure 1. The total population of Rabigh is about 35000. 
 
 
2.2 Building Structures 
floor. The building is constructed using huge steel beams, 30*30 cm. The exterior walls are consist of 
Fig. 1. General Location of Rabigh County 
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20*20*40  black concrete blocks, 5 cm polystyrene insulation and 2 cm granite tiles surrounding all 
exterior walls . The roof consists of 10 cm concrete slab, poured above metal sheet hung above the beams. 
Above the concrete slab there exists water insulation and then 5 cm thermal insulation materials. Above 
them cement tiles are fixed using concrete slabs. The widows consist of double glass materials with 
 front and rear elevations area and about 
12% in the right and left sides. The room partitions are all gypsum board and fixed with metal frames. 
Table 1 gives thermal resistances for materials that are used for walls, roof and glass.  
 
Table 1. Summary of building specifications 
 
3. Air Conditioning Loads 
 
In summer the air is cooled and the humidity will be removed from it, while in winter the air is heated 
and humidity will be added to the air. Room cooling load for summer consists of internal and external 
load. Both of them should be removed from the room to get a room temperature around 23-24oC with 
about 50% relative humidity, which is the comfort zone for people. 
3.1 Heat Gains: 
External heat gains come from the transferred thermal energy from outside hot medium to the inside of 
the room. The heat transfer occurs through conduction through external walls, top roof and bottom 
ground, solar intensity through windows and doors, infiltration and ventilation. Other sources of heat 
gained include people, electric equipment and light. 
Items required calculating the thermal load of a place 
 Areas of envelopes and glass 
 U-factors for the envelopes 
  
 Glass transmission factors 
 Lighting density and related factors 
 Motors and other heat sources with related factors 
 Number of persons and type of activities 
 Ventilation rate and air enthalpy inside and outside 
 
Item Description  Unit 
1 Total interior space (volume) 8910 m3 
2 Total exterior walls area 1783.2 m2 
3 Total roof area 900 m2 
4 Total glass /windows/facade area 242.64 m2 
5 Total estimated number of employees/staff (estimated) 250-300 
6 Total estimated number of visitors per day (estimated) 100  150 
7 Total number of class rooms and PC labs 7 
8 Total number of offices 20 
9 Total number of labs and workshops 9 
10 Toilets 9 
11 Total Resistance for the wall 2.15 
12 Total Resistance for roof 2.30 
13 Total Resistance for windows 0.53 
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3.2 Heat Transfer Analysis 
The heat transmitted in or out of the building mainly through external walls, windows and doors and 
through the top roof. Also some heat is transmitted through floor of the ground floor. The heat 
transferred, Q through theses solids envelops is by conduction, convection and radiation. The temperature 
difference for steady heat transfer has to add to it, correction factor for solar intensity and unsteady heat 
transfer. The building cooling load is dependent on local weather, thermal characteristics of material used 
for building envelope, and building usage. In order to accurately calculate the building cooling load, it 
usually requires a large and complex energy simulation computer program such as DOE 2.1E , BLAST, 
Elite or HAP 4.3 which use the transfer function method and heat balance method to calculate the cooling 
load, respectively. This kind of computer program usually requires local annual weather data (8760 hours) 
and requires a complex and lengthy data input. Therefore, this type of simulation program is not very 
popular for most designers, who prefer a more compact and easy to use method for calculating the 
building cooling load. A more simplified version for calculating a cooling load using the transfer function 
method is to use the one step procedure first presented in the 2005 ASHRAE Handbook of Fundamentals 
[6]. The method is now called the cooling load temperature differences (CLTD), solar cooling load factors 
(SCL), and internal cooling load factors (CLF) method. 
This method makes hand calculation of cooling load possible. ASHRAE has developed the CLTD 
values for exterior walls and roofs based on solar radiation variation typical of 40°N latitude on July 21 
with certain outside and inside air temperature conditions and based on building materials commonly used 
in North America. The accuracy of the CLTD values could be in question when the location of the 
building is not at 40°N (especially below 24°N). Building material which does not match the ones used to 
generate the CLTD values by ASHRAE would also affect the accuracy of the cooling load calculated. LM 
is corrected factor for the locations other than 40°N latitude. Since Rabigh is located on 22.5° Latitude, 
the closest value for LM is to take it for latitude of 24. 
K is correction factor depends on building color. K=1 for dark in color building, 0.85 for medium color 
building and 0.65 for light building color. 
The Equations for cooling load estimations are shown in Table 2 below, where: 
TR is room temperature. 
To is the outside design temperature 
Tm is the maximum temperature at the day. 
Pc : the maximum difference between maximum temperature and lowest temperature at the day 
Np: number of people in the room 
 : volume filtration for one person 
hR and hs  : enthalpy of the room and the supply air 
 
Table 2. Equations for cooling load estimations* 
Descriptions Symbols Equations 
Heat transferred through solids 
envelops 
(W), (W) 
  
Temperature difference (oC) [ + + 25.5  + ( -29.4) ]F 
Outside design temperature To =  
Over-all heat transfer coefficient U(W/m2.K) { 1 + 1
1
+ + 3
3
+
1
}-1 
Total heat transfer through 
windows (W) 
( + × × ) 
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Sensible heat gain from 
infiltration and ventilation , (W) 
+  ( ) 
 
Latent heat gain from infiltration 
and ventilation , (W) + ( )  
Infiltration rate (kg/s) V  
ventilation rate (kg/s) NpVp 
Heat gain rate from lighting (W)   
Sensible Heat gain from 
occupants 
 
, (W) 
 
 
Latent Heat gain from occupants 
 , (W) 
 
 
Heat gain from miscellaneous 
equipment 
 
(W)  
Sensible Heat Factor  /  
Supply Air Quantity ma,s(kg/s) Qtot /(hR hs) 
Volume flow rate Vs(m3/s) ma,s × vs 
*The constants are given in Table 3. 
Table 3. Constants from references 
 
 
Symbols Descriptions References 
CLTD cooling load temperature difference. ASHRAE 1985 
LM corrected factor for the locations ASHRAE, 1989 
K correction factor depends on building color Howell, R. et. al.pp 171 
 percentage of temperature change at the time of cooling load 
calculation
ASHRAE, 1997 
SC shading coefficient Howell, R. et. al.pp 154,183-184 
SHGFmax  maximum solar heat gain factor. Howell, R. et. al.pp 183-184 
CLF cooling load factor for solar intensity from windows Howell, R. et. al.pp 155,171 
NA number of air change for the room per hour. Mc.Quiston 1985. 
Vp Ventilation rate per person ASHRAE Standard 62.1-2004 
Hs Sensible Heat gain from occupants Table 1, Ch.30, 2005 ASHRAE  
Hl Latent Heat gain from occupants Table 1, Ch.30, 2005 ASHRAE  
Fu Lighting use factor, ratio of wattage in use to the total 
installed wattage
Table 2, Ch.30, 2005 ASHRAE  
Fs Lighting special allowance factor, Table 2, Ch.30, 2005 ASHRAE  
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The heat transfer through widows Qglass  occurs by conduction, convection and radiation and is given in 
Table.1. The total heat transfer coefficient U is corrected by multiplying it by 1.25 for metallic frame. 
Infiltration occurs because of gabs from windows, doors and walls due to wind speed, temperature 
difference and door opening. Ventilation is proving the cooling zone with fresh air for breathing and 
reducing CO2 and bad smelling. 
Buildings are classified into tight building, medium and loose building according to in infiltration rate. 
Infiltration rate, minf  and ventilation rate, mven  are calculated by equation from table, 1.The heat gain 
from infiltration and ventilation or outside air consist from sensible heat due to temperature 
difference, Qs,leak  and latent heat due to humidity ratio difference Ql,leak ,can be calculated using equations 
available in table 1. 
heat transmitted to the space takes time to diffuse within the space. This adds another factor depending on 
extra factors including colors & materials of furniture. The lighting inside an air-conditioning space may 
contribute significantly to the total heat load. As the electric power flows into the lamp, it causes other 
components of the lighting fixtures to heat up and ultimately diffuse further heat to the space. Depending 
on the type of lamps used, a factor needs to be added to the wattage of the lamp in order to get the total 
heat input. The lamps also heat up the furniture and other material in the building. Such heat is not 
diffused immediately and thus more factors affect the hourly heat gain. Consequently, over-all factors had 
been derived for day to day use. Thus the Heat gain from lighting Qlight  is given by table 1.Equipment that 
produces heat within the space varies considerably according to the type and usage of the space, such as 
home appliances for homes, industrial equipment for factories, medical equipment for hospitals, cooking 
equipment for restaurants, etc. 
iled lists of such appliances and the heat emitted 
from them. At least two approaches are possible. The first one is to carefully evaluate the operating 
schedule and actual heat gain for each piece of equipment in the space. An alternative approach applicable 
for office spaces with a mix of computers, printers, copiers, faxes etc., is to estimate the equipment heat 
gain on a watt/m2 basis. People living or occupying the space add heat to it. Two types of heat are 
generated from people. One is sensible by di
convection due to temperature difference; the other is latent due to respiration. The rate of heat transfer 
depends on lot of factors such as sex, age, size, health, race and type of activities they perform. 
Readymade table is available for use, to choose the applicable type and multiply by the number of 
people to get the heat load.  Total heat load is the summation of the sensible heat with the total latent heat 
discussed previously. By knowing the state of the supply air and the state of the room, the air quantity, 
ma,s  required can be found by the energy balance on the space, see table 1. By knowing the specific 
volume of supply air, vs  from psychometric chart, the air volume flow rate required, Vs  can be calculated. 
 
 3.3 Thermal load calculation for the engineering building 
Hand Calculations were done for a small portion of the building using the above mention equations and 
calculation procedures and information. Hourly Analysis Program 4.5, developed by Carrier Company is 
also used to estimate the cooling load. The results was compared with hand calculations and it was noticed 
a high similarity between the two which convinced us to depend on the software program for our 
calculations and thermal load estimation for the engineering building. Since the carrier program is 
designed for three main areas in Saudi: Jeddah, Riyadh and Dammam. Jeddah area was used as reference 
for the outside environment behavior. The outside temperatures of Rabigh shown in figure 3 were closed 
to Jeddah temperatures used in Carrier Program.  
The building is divided into three zones: ground, 1st floor and second floor. Each one of them is treated 
as separate system. Air system sizing summary for all floors are shown in Table 4. The results show that 
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the total cooling load for the three floors is 107.1 tons , distributed between the three floors as follows; 
ground floor: 35.5 tons,  1st  floor: 43.3 tons and  the 2nd  floor: 28.3 tons. 
As it was mentioned earlier the installed air-conditioning unit capacities are 58 tons for the ground 
floor, 70 tons for the 1st floor and 45 tons for the second floor.  By comparing the estimated values of 
cooling load from HAP 4.5 with installed air-conditioning equipments, it is clear that the installed ones 
are over sized.  
The sensible heat ratio for the building is almost 1m which means the program did not account well 
with latent heat cam e from the people and infiltration, especially in the humid weather. The ft2/ ton for 
the building is about 240 ft2/ton, which assumed to be high, comparing with what is the standard about 
100 ft2/ ton. 
 
 
Fig. 2. Monthly average temperature during the year, Rabigh [7] 
 
Table 4. Air system sizing summary for the Engineering Building 
 Ground Floor 1st Floor 2nd Floor 
Floor Area  7938.3 ft² 8622.8 ft² 7866.1 ft² 
Number of zones   10 1 1 
Central Cooling Coil Sizing Data 
 
Total coil load (Tons)  35.5  43.3  28.3 
Total coil load (MBH)  426.3  519.9  340.0 
    Sensible coil  load(CFM)   426.3  504.2  333.7 
Coil CFM at Jul 1500   16096  18312  13941 
    Max block CFM   26916  25209  22246 
    Sum of peak zone CFM   26916  25209  22246 
Sensible heat ratio   1.000  0.970  0.981 
    ft²/Ton   223.5  199.0  277.6 
    BTU/(hr-ft²)   53.7  60.3  43.2 
Load occurs at     Jul 1500    
OA DB / WB  115.0 / 72.0  
Entering DB / WB   79.6 / 62.6  79.6 / 62.6  77.2 / 62.2 
Leaving DB / WB   55.0 / 53.3   
Coil ADP   52.3  52.3  52.5 
Bypass Factor   0.100   
Resulting RH   44  44  45 
Design supply temp.  55.0 
Central Heating Coil Sizing Data 
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 Max coil load( MBH)  46.6  49.0  40.1 
    Coil CFM at Des Htg   1656  1727  1461 
    Max coil CFM   1656  1727  1461 
Load occurs at   Des Htg   
BTU/(hr-ft²)   5.9  5.7  5.1 
Ent. DB / Lvg DB   68.9 / 95.0  68.7 / 95.0  69.6 / 95.0 
Supply Fan Sizing Data 
 
Actual max CFM at Jul 1800  26916 25209  22246 
    Standard CFM   26878 25173  22215 
    Actual max CFM/ft²   3.39 2.92  2.83 
Outdoor Ventilation Air Data 
 
Design airflow CFM   2605 2944  748 
    CFM/ft²   0.33 0.34  0.10 
CFM/person   16.81 11.41  13.12 
 
4. Selecting the suitable air-condoning system 
 
        The suitable air-condoning system can be selected according to: 
1. Capacity, performance and spatial requirements  
2. Initial and running costs  
3. Required system reliability and flexibility  
4. Maintainability  
5. Architectural constraints ,space, distance 
6. Indoor air quality 
The direct expansion (DX) systems like windows split and package units are suitable for small or 
medium sized buildings free of multiple thermal zones and demanding 100 TR or less of air- conditioning. 
For big areas that require say 200 TR, central air conditioning using non- direct expansion systems are 
essentially used. The coefficient of performance {COP} of a DX system is low. Unitary systems consume 
more power (kW per ton) compared to central systems of same capacity. DX systems cannot benefit from 
economies of scale. Capital costs and the operating costs generally tend to be higher for larger setups 
requiring 100TR or more. DX systems cannot be easily connected together to permit centralized 
monitoring or energy management operations. These can be centrally controlled with respect to on-off 
functions only. Lack of interconnection between units also means that loads cannot be shared on a 
building wide basis. Central HVAC systems deliver improved efficiency and lower first cost by sharing 
load capacity across an entire building. DX units have capacity control limitations; compressor unloading 
systems are generally step devices, which limit capacity modulation. At low load conditions, the 
compressors will cycle and unconditioned air will pass through the system during the off cycle, which 
may cause temperature swings (i.e. hot and cold spots) in the conditioned space. For DX systems such as 
windows and split unite, although the maintenance may be relatively simple, such maintenance may have 
to occur directly in occupied building spaces. 
From previous discussion the decision of the type of A/C system to use for the considered Engineering 
Building must take the following considerations: 
1) The stability of thermal load, in which the capacity might reach its maximum at certain times, 
(class time) and then reduces suddenly to its minimum, during break or after class time. This requires 
a system that can respond quickly for changing cooling rate. 
2) Accumulations of large number of people at one place (50-60) during some classes. Carbon 
Dioxide CO2 increases rapidly as shown in Fig.6, which requires effective system of ventilation. 
3) The ground floor is used for labs which are normally not in use unless for running certain 
e to safety issue. This requires good 
ventilation and a highly controlled unites or separate zones. 
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4) The building belongs to a campus which required acceptable view from outside. 
5) The roof is available and can carry heavy equipment which makes it suitable for carrying the 
A/C system. 
6) The inside area is limited (only 900m2/ floor). 
 
 
Fig. 3. CO2 levels versus time in a typical class rooms at the Faculty of Engineering at Rabigh. 
 
Due to the previous circumstances it was suggested to have Central system (package unites) for the 1st 
and second floor and separate split units for the ground floor. This will give highly comfort zones for the 
1st and 2nd  floor including corridor and good ventilation and thermal respond and control for multi-zones 
with variation of the load. The ground floor was suggested to be cooled by splits units with separate 
ventilation system. Since the labs are not occupied all times and does not have sudden change with load. 
 
5. Energy Analysis 
 
Energy analysis is applied to the air cooling systems for a building application. In this regard, wet bulb 
and dew point effectiveness, which are very important for air cooling systems, are calculated. The 
performance of the air cooling system can be expressed by the wet bulb effectiveness ( wb), which is 
defined as the ratio of temperature depression of the device to the potential wet-bulb depression as follows 
         
where TSI  is the supply inlet dry bulb temperature of air, TSO  is the supply outlet dry bulb 
temperature of air and TSI wb  is the supply inlet wet-bulb temperature of air. The wet bulb 
effectiveness of some of the novel air cooling systems (M-Cycle) can be much more than 100%. They 
cool the air below the wet-bulb temperature with minimal moisture addition to the supply outlet air 
stream. The dew point effectiveness ( dp) can be calculated to measure the performance of the air cooling 
system. Novel air cooling system (M-Cycle) can cool the air below the wet-bulb temperature of the inlet 
air. The dew point effectiveness is the ratio of temperature depression of the system to the potential dew 
point depression as follows: 
      
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where TSI  is the dew point inlet temperature of air. Wet bulb and dew point effectiveness for 
the package cooling system for the engineering building are shown in fig.7, which shows good 
performance for the cooling system. 
 
Fig. 4. Effectiveness variation during the operating of the air- conditioning  
Conclusion 
Thermal load analysis has been conducted for educational building exists in hot and humid area in Saudi 
Arabia. HAP program produced by carrier was used for cooling load estimation. Hand calculation was 
used to verify the results. According to the load analysis, suitable air-conditioning systems were selected 
for the building. Energy analysis was done to calculate the effective of the system which shows good 
performance. 
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